The aim of this study was to evaluate the physiological quality of Jatropha curcas L. seeds harvested at different stages of fruit maturation and two threshing methods. To analyze the mechanical damage rate an experiment was carried out with five stages of fruit maturation (green, yellow, ripe, dried on the ground and dried on the plant) threshed mechanically and manually. To evaluate the physiological quality, three tests were made; germination, vigor and electrical conductivity, all of them were applied in each storage (0, 120 and 240 days after harvest) and five stages of fruit maturation. It was feasible to infer that the maturation stage of yellow, ripe and dried on the plant fruits showed the best results of the physiological quality of the Jatropha curcas L. seeds. The manual threshing is also recommended in order to preserve the physiological quality of Jatropha curcas L. seeds. When the fruits were harvested at the appropriate stage of maturation (yellow, ripe and dry fruit on the plant) and threshing without mechanical damage, the Jatropha curcas L. seeds are possible to store for 240 days without loss in their germination. Regardless of the threshing system and the maturation stage, the seeds of Jatropha curcas L. lost their vigor from 120 days after harvested, when these seeds were stored in the shadow and in an environment without control on the relative humidity and air temperature.
Introduction
Because of the impact of environmental pollution by the emission of gas from petroleum, it is necessary the development of sustainable technology to produce alternative source of fuel. As an example it is feasible to mention the use of biofuel that is obtained from vegetable oil, source of animal fat and the oil used to cook food.
Brazil has a large number of plants varieties from the Euforbiaceas family. It is possible to extract vegetable oil from these plants to produce biofuel in large scale. The Jatropha curcas L. is quite important alternative to extract oil in large amount to produce biofuel in Brazil. Jatropha curcas L. belongs to the Euforbiaceas family, the same family of Manihot esculenta. So far, the studies about Jatropha curcas L. more focus on chemical properties, medicinal use, and little in agronomic studies [1] .
Studies about the moment of harvest of the Jatropha curcas L. fruits to produce seeds must be developed, because it is one of the most important moments to determine the yield of the crop. The challenge of this crop is related with the fruit maturation and the mechanization of the harvest [2] . The mechanization of the harvest must be used to turn a larger sustainable production scale. This mechanization process is essential to optimize the field activities and reduction of production cost. The process of threshing is quite important to maintain the seed quality, especially in mechanical threshing, because in this process it may cause damage of the seed due to the impact of the seed through the machine. The mechanical threshing can cause physical damage and decrease in germination and vigor of the seed, and it is feasible to cause internal damage that, although not visible, can affect seed quality during storage [3] .
The application of germination test is quite used to determine the potential of germination in seed lot storage in adequate condition [4] . On the other hand, it is important to emphasis that in Seed Rules of Analysis [5] there is no pattern method known established for Jatropha curcas L. and even in the International Seeds Testing Association [6] . By this point of view, it is important to work in scientific research for this crop.
The vigor test is also used to assess the seed, physiologically being more aware than germination test [7] . Because of the objectivity and swiftness, the electrical conductivity is considered the main vigor test by International Seed Testing Association [6] . Nevertheless, it is necessary to take care of the electrical conductivity test, because many factors can affect its results. The quality of water, temperature, soaking time, water content, the amount of seed tested and genotypes are some factors capable to damage the results of the electrical conductivity test [8] - [11] .
Due to the lack of information about the physiological quality of the Jatropha curcas L. seed harvest in manual and mechanical process, this research was proposed. The aim of this research was to evaluate the seed's physiological quality of Jatropha curcas L. harvested in different stages of fruit maturation and storage time in two threshing process, manual and mechanical.
Material and Methods

Data Source
The experiment was carried out in two different localities. One experimental area was located in the Brazilian Agricultural Research Corporation (EMBRAPA), followed by geographic coordinates, 22˚14'S, 54˚9'W, and mean altitude 452 m.
The other experimental area was on a farm followed by geographic coordinates, 22˚14'45"S, 54˚55'18"W, and mean altitude 446 m. Both experimental areas belong to the municipality of Dourados, state of South Mato Grosso, Brazil. The soil of the study area was predominantly classified as Oxisol [12] , the landscape is covered by savanna. The weather condition is classified in Cwh, according to Köppen-Geiger. The mean temperature annual is 18˚C with a dry winter.
The preparation of the sample and the physiological quality test of the Jatropha curcas L. seed were performed in lab of Machinery and Agricultural Mechanization, and the seed analysis in the lab of seed, both labs belongs to the Faculdade de Ciências Agrárias of Universidade Federal da Grande Dourados (FCA/UFGD), in Brazil.
Harvesting and Drying the Fruits
The Jatropha curcas L. fruits were harvested manually, separated by maturation stage, based at the coloration of the fruits and weight. The harvested fruits were let to dry on the floor naturally ventilated. The following step was to determine the humidity of the fruits by the method of stove to 105˚C ± 3˚C remaining during 24 hours [5] , right after the fruits were classified following the criterion of color and content of water. This classification determined five classes of fruits: green fruits, with 87% of water; yellow fruits, with 59% of water; yellow fruits with brownish spot (ripe), with 60% of water; black fruits (dried on the ground), with 9% of water; and the black fruits (dried on the plant), with 9% of water.
Threshing and Storage
The threshing machine used was the model Heger GbR-ZaberstraBe 26, this electrical machine was 5 hp (Horsepower-hp), constituted of carbon iron, being made by one hopper, two smooth rolls the spin in opposite direction in 40 turns/minutes, with opening of 1.0 inches, discharge of the shells and seeds, one system of power transmission strap and a support basis. It was allocated 15 liters of fruits into the machine and right after it was performed the selection of these seeds.
In the manual threshing the seeds were separated from their fruits manually. The whole seeds selected were storage in multilayer paper bag in control of laboratory condition. Between the months of August/2009 and March/2010, the mean of the air humidity and temperature were 64% and 17˚C, respectively.
Features of the Jatropha curcas L. Fruits and Seeds
The next step was to evaluate the features of the fruits and seeds of Jatropha curcas L. It was measured the length and diameter of fruits with the assistance of caliper rule. The vigor test (the first germination count 5 days after sowed), electrical conductivity and the weight of 100 seeds were measured.
The mechanical damage of the seeds caused by fruits threshing was evaluated in the system of manual and mechanical threshing of fruits. This evaluation was determined in 5 maturation stages of the fruits (green, yellow, ripe, dried on the ground and dried on the plant). To determine the visible mechanical damage, it was used one sample with 200 grams of seeds. Based on this sample, it was removed and weighted the broke seeds and seeds with damage on their integument. This procedure was needed to determine the percentage of damage seeds. The index of mechanical damage was determined according to the Equation (1):
what, D m -index of mechanical damage, %; m d -mass of seed with mechanical damage, gram (g); m a -mass of initial sample of seed, gram (g). The analysis of electrical conductivity was performed using two repetitions with 25 whole seeds, being weighted and placed into plastic cup that supported 200 ml of volume. The following step was to add 75 ml of deionized water and the samples were remained for 24 hours in chamber with 25˚C [10] . The calculation of the electrical conductivity was determined according to the Equation (2):
what, EC-electrical conductivity of the soaking solution, µS•cm −1 •g −1 ; R ec -reading of the electrical conductivity of seed soaking; m s -mass of 25 seeds, gram (g).
Statistical Analysis
In the germination test, the substrate to sow was the "Germitest" paper. This substrate was humidified with deionized water, using the quantitative of 2.5 times the weight of the dry paper [5] . In each repetition of the treatment were sowed 25 seeds, with 8 repetitions per treatment. The seeds were allocated in regulated germination in the temperature of 25˚C and the evaluation was fulfilled at 10 days after sowed. The evaluation of the normal seedling was defined when the seedling had two seminal roots and major root higher than 1.95 inches. The treatments were composed by seeds harvested in different stage of fruits maturation (green, yellow, ripe, dried on the ground and dried on the plant) and two methods of threshing, being manual and mechanical. The affect of mechanical damage was studied in three different times of storage (0, 120 and 240 days after threshing).
To carry out the test of mechanical damage, germination and vigor (first count of germination after 5 days of sowed), it was adopted the completely randomized design. To test the mechanical damage, the experimental designed was arranged in a factorial 5 × 2, with three repetitions, and the vigor test was conducted in a split plot design.
The data were submitted to analysis of variance (ANOVA) and the mean compared using the Tukey test at 5% of probability and t-test of Student at 5% of probability. Statistical analysis was performed using the program SPSS for Windows, version 11.0.0 [13] .
Results and Discussion
The physics feature of the fruits and seeds of Jatropha curcas L. in different maturation stages are shown on Table 1 and Table 2 . The results showed that the length of green fruits were smaller than the other maturation stages of the fruits. The diameter of the fruits was not different (P > 0.05) among the maturation stages. The smaller length of the green fruits indicated that the accumulation of the biomass was not completed yet.
In morphological analysis, [14] obtained the mean of 1.21 inches for length of Jatropha curcas L. fruits. [15] found values of fruit length between 0.984 to 1.575 inches, despite the value of green fruits ( Table 1) , the other length of fruit is inside this range. The authors cited above used dried fruits to measure the length, this way it is feasible to observe that the green fruits in this work were not completely formed, because of the length obtained.
The seeds that were extracted from the green fruits showed a smaller length and weight mass of 100 seeds. The green and yellow maturation stage showed the smaller thickness of the seed, but no significant difference (P < 0.05) was observed in the thickness of the seed in the rest of the maturation stage ( Table 2 ). The thickness of the seed found by [14] was 0.185 inches, which is smaller than all the values showed in this work ( Table 2) . It is possible to infer that the harvest of the green fruits can damage the accumulation of the biomass in the seed, because in this stage of maturation the process is not completed yet. The width of the seeds showed no difference (P > 0.05) during the maturation stage. All the length of the seed showed in Table 2 was smaller than the results found by [14] who obtained 0.930 inches in mean for length of the seeds. The highest index of mechanical damage in the seeds was observed in the fruits harvested green and dried on the ground. There was no difference (P > 0.05) among the indexes of mechanical damage in other maturation stages (Figure 1) . It is possible to infer that the fruits dried on the ground were already in process of damage, what makes the weakness of the seeds resulting in an increase of the index of mechanical damage. There is a relationship between the dehydration of fruit pericarp and the seed dehydration, this way; it is possible to consider that the driest the fruit higher is the possibility to cause damage on the seeds during the process of harvest, it occurs because of the loss of elasticity making the seed more vulnerable to be damaged [16] .
In respect to the green fruits, the most negative impact that causes the largest percentage of mechanical damage was the incomplete process of physiological maturation. These seeds from green fruits showed to be weaker to resist to the mechanical damage than the yellow, dried on the plant or ripe fruits. The right moment to harvest the fruits would be when the fruits reach the physiological maturation; this stage is characterized by the release of the seed from the mother plant [17] . However, the content of the water during the physiological maturation is higher, it can increase the mechanical damage on the seeds during the process of harvest and threshing.
The electrical conductivities in soaking solution of seeds were determined for the seeds storage after the harvest. In the zero day after the harvest the electrical conductivities values do not differ (P > 0.05) between the types of threshing for the green fruits and fruits dried on the plant (Table 3) , on the other hand, the yellow, ripe and dried fruits on the ground showed difference between the types of threshing, the mechanical threshing showed higher values of electrical conductivities in the soaking solution. That is feasible to infer that the machine caused damage in the seeds, but this damage may be reduced when the fruits are threshing in the maturation stage of dried on the ground and dried on the plant. Even in the manual threshing, there is damage in the seeds. This damage is higher when the fruits are harvested in the maturation stage of green.
In 120 days after harvest, despite the yellow fruits, there was no difference (P > 0.05) between the types of threshing. When the type of threshing was manual, the seeds from the green fruits showed the higher values of electrical conductivity ( Table 3 ). In respect to the mechanical threshing, the seed from the yellow fruits reached the higher value of electrical conductivity in soaking solution ( Table 3) .
In 240 days after harvest, there was significant difference (P < 0.05) between manual or mechanical threshing in the electrical conductivity in the seeds from yellow or ripe fruits. However, the seeds from the dried fruits on the ground and on the plant showed no significant difference (P > 0.05) between the types of threshing ( Table 3 ). The mechanical threshing caused damage in the seeds from green, yellow and ripe fruits, this damage was higher than manual threshing. The results of electrical conductivity indicated that the seeds from the green fruits showed no ideal organization in the system of membrane, this way the results of electrical conductivity were higher in this stage of maturation. According to [18] , when the process of the physiological maturation is reached there is a reduction of the electrical conductivity because of the best organization of the membrane system.
The electrical conductivity showed no statistical difference (P > 0.05) between the zero day after harvest and 120 days after harvest in all maturation stage. These results were similar among the types of threshing. However, 240 days after the harvest the results of electrical conductivity was statistically different (P < 0.05) among the other periods of storage (0 and 120 days after harvest) ( Table 4 ). These results may be possible because of the respiration process occurring through the use of energy source into the seeds storage after 120 day from harvest, this process may damage the seeds and increase the electrical conductivity into the soaking solution. As reported by [19] , the electrical conductivity of Cedrela fissilis Vell. seeds increased from 0 day after harvest to 12 months after the harvest, because of their damage of physiological quality over the time of storage.
Compared with the stages of fruits maturation, the seeds from the harvested green, yellow and dried on the plant fruits showed higher value of the vigor test (count of germination after 5 days of sowed) and the fruits dried on the ground reached the low values of vigor test ( Table 5 ). The fruits harvested green, yellow and dried on the plant were in a complete process of maturation, this way it was possible to show the best result in vigor test. The physiological maturation of Jatropha curcas L. seeds occur when the fruits are dried [20] .
The values of the vigor decrease over the storage time of the seeds ( Table 5 ). The seeds with zero day of storage got the higher value of vigor, on the other hand the seeds storage for 240 days showed the low value of vigor. In agreement with [21] , the Jatropha curcas L. seeds storage until 40 days obtained better viability than seeds storage for 66 to 164 days, that is because of the seed damage over the time.
As regards the threshing types, both seeds, from yellow and dried on the ground fruits reached the low value of vigor in the mechanical threshing ( Table 6) . This result about the seeds from fruits dried on the ground is because of the damage process in the seeds from these fruits dried on the ground that had already initiated. The explanation about the low vigor of the seeds from yellow fruits is probability because of the higher content of water in these seeds.
The mechanical threshing can become the process of threshing more efficient, but the process of damage can be more intensified and this process decreases the vigor of the seed. The physiological potential of the seeds from fruits dried on the ground were provided by the electrical conductivity in soaking solution, these test results showed decrease in the physiological potential of the Jatropha curcas L. seeds from these fruits mechani- [11] , the physiological potential of the seeds can be evaluated by the results of electrical conductivity and when it's higher the electrical conductivity the lower the physiological potential of the seeds will be. There was no difference (P > 0.05) among the germination test of the seeds from yellow, ripe and dried on the plant fruits, in respect of storage time. The seeds from green fruits attained the low value of germination in 240 days of storage ( Table 7) .
The seeds from the yellow, ripe and dried on the plant fruits obtained higher germination than the other seeds from the other stages of fruit maturation. In these results, the seeds from the green fruits and fruits dried on the ground showed the low value of germination ( Table 7 ). In the physiological maturation of the seeds it is reached the highest dry biomass accumulation, in this experiment the maturation stage was reached when the fruits were dried on the plant. The higher accumulation of dry biomass is attained to the physiological maturation and it can reach the higher vigor of the seed, however it depends on the species and genotype [22] .
As the period of time that the fruits were on the ground, many process of damage occurred with it and probability damaged part of the breeding structure of the seed. This factor may be contributed by the less result in germination test.
The types of threshing showed that the seeds from the yellow and dried on the ground fruits are different in germination, the mechanical threshing decreased the germination in both stage of maturation ( Table 8) . These results were observed in the vigor test that means the first count of germination upon 5 days of sowed.
The right moment to harvest the fruits of Jatropha curcas L. is quite important to determine the physiology quality of seeds germination. The breeding of this species is by seeds and its physiological quality is the first step to obtain the adequate stand and good quality of the crop in the production field [23] . a Mean in each line followed by the same lower case letter are not significantly different at P = 0.05 according to the Tukey test of mean. Mean in each column followed by the same capital letter are not significantly different at P = 0.05 according the to Tukey test of mean. X-lost treatment. 
Conclusions
Based on the results of this experiment, it is possible to recommend the harvest of yellow, ripe or dried plant fruits. By this way it is feasible to attain seeds with good physiological quality. The manual threshing is indicated to preserve the physiological features of the Jatropha curcas L. seeds. The Jatropha curcas L. fruits when harvested in the adequate maturation stage (yellow, ripe or dried fruits on the plant) and threshing without mechanical damage can be stored by 240 days without decreasing the strength of germination. Irrespective of the threshing method and the maturation stage of the fruits, the Jatropha curcas L. seeds lose their vigor from 120 days, when these seeds are stored under the shadow in environment without moisture and air temperature control.
